Abstract. Background: Available evidence suggests a peak in the incidence of cardiovascular events on Mondays compared to other days of the week. The underlying mechanism may be summarised as naturally occurring rhythmic fluctuations in human physiology, and socially determined rhythms in human behaviour. Change in these rhythms may lead to attenuation of the peak on Mondays. Objective: To quantify the excess risk associated with the Monday peak in cardiovascular mortality and to explore the role of age, gender and hospitalisation. Methods: Details on time and cause of all deaths which occurred in the city of Rotterdam between November 21, 1988 and November 21, 1990 were obtained by sending a questionnaire to the physician who signed the death certificate. We studied the weekly distribution of 1828 confirmed cases of sudden cardiac death, for the group as a whole and in subgroups according to gender, age (<65 years/65 years) and hospitalisation. Results: The odds ratio (OR) of sudden cardiac death on Monday compared to other days of the week was 1.20 (95% CI: 1.06-1.36). The excess mortality due to the Monday peak amounted to 4.9 per 1000 deaths. The Monday peak was more pronounced in non-hospitalised (OR: 1.25; 95% CI: 1.08-1.44) than in hospitalised patients (OR: 1.06; 95% CI: 0.83-1.37), in men (OR: 1.25; 95% CI: 1.06-1.48) than in women (OR: 1.14; 95% CI: 0.95-1.36), and in those younger than 65 (OR: 1.29; 95% CI: 0.95-1.74) compared to those aged 65 years or over (OR: 1.18; 95% CI: 1.03-1.35). Yet, the confidence limits overlap. Conclusion: The incidence of sudden cardiac death is markedly increased on Monday, more pronounced in non-hospitalised patients. Our results may point to the relevance of naturally occurring rhythmic fluctuations in human physiology, and socially determined rhythms in human behaviour as underlying mechanism.
Introduction
A range of studies described cyclical patterns in cardiovascular mortality. Peaks have been identified between 6:00 and 12:00 [1] , during winter months [2] , and on Mondays [3, 4] . In a review of 30 reports on the circadian pattern (i.e. variation during the day) of cardiovascular events, Cohen et al. [1] estimated that 8.8% of all acute myocardial infarctions and 6.8% of sudden cardiac deaths, are attributable to the morning excess of cardiovascular mortality.
The main pathophysiological mechanism underlying cyclic patterns in cardiovascular events is thought to be 'triggering' or disruption of a vulnerable atherosclerotic plaque [5] . Several possible triggers have been suggested, including natural rhythmic fluctuations in fibrinogen, cortisol, endothelial function and sympathetic stimulus [6] ; but also rhythms in human activity like the work-leisure cycle, mental stress, physical activity [7] , weekend binge drinking [8] and watching an important football match [9] . Since these potential mechanisms may vary by age, gender and hospitalisation, we explored the weekly pattern in cardiac mortality with focus on these factors using data obtained from a study on occurrence of sudden cardiac death among the population of the city of Rotterdam.
Methods

Study population
As part of a population-based study on the association between recent cardiovascular drug use and sudden cardiac death, a registry of all sudden cardiac deaths in the city of Rotterdam was established for a period of two years, as described in detail elsewhere [10] . In short, all residents of Rotterdam, the Netherlands, with a sudden cardiac death between 21 November 1988 and 21 November 1990 were recorded. Sudden death was defined as death occurring within 1 hour of the onset of symptoms or as unwitnessed death. The death was considered to be of cardiac origin, unless data from the attending physician or evidence from hospital or autopsy records suggested a non-cardiac cause. The study was approved by the ethics committee of the Academic Hospital Dijkzigt/ Erasmus University, Rotterdam.
For 2 years, municipal authorities prospectively provided us with information on all persons aged 20 years or older who died in Rotterdam. The physicians who signed the death certificate were mailed a questionnaire comprising three short questions on the period between the onset of symptoms and the occurrence of death and the possibility of a noncardiac cause. We sent a questionnaire to physicians of 10,649 patients who were reported to have died of natural causes during the study period. A total of 8314 questionnaires was returned (a response rate of 78%), and 7834 (74%) contained adequate information on the circumstances of death. Responding physicians reported 1847 deaths as sudden cardiac deaths. About 19 patients were excluded because general practitioners refused to co-operate or because evidence of the time of death was not available. This yielded a study population of 1828 cases of sudden cardiac death. The physicians were unaware of the hypothesis underlying the current analysis.
Data analysis
Mortality due to sudden cardiac death (absolute number of deaths) was categorised according to the day of the week. To determine whether the risk of sudden cardiac death was higher on Monday compared to the other days of the week, the difference between the observed mortality on Monday was compared to the expected mortality assuming no weekly rhythm with a Chisquare statistic. The same analysis was repeated in subgroups of gender, age and hospitalisation.
Results
The mean age of the 1828 cases of sudden cardiac death studied, was 76.1 (SD: 12.2). 48% of cases was male, and 27% of deaths occurred in hospital. The risk of sudden cardiac death was highest on Mondays. The odds ratio (OR) of sudden cardiac death on Monday compared to other days of the week was 1.20 (95% CI: 1.06-1.36). Based on the total number of deaths in Rotterdam in the study period (10, 649) , the excess mortality due to the Monday peak amounted to 4.9 per 1000 deaths.
Among the sudden cardiac death patients, 30.3% was found unwitnessed. It might be that some of these cases found dead on Monday, had actually died during the weekend. However, the proportion of unwitnessed deaths on Monday (33.9%) was not significantly increased compared to Saturday or Sunday (31.6% and 31.3%, respectively). Furthermore, repeating our analyses after exclusion of the group of unwitnessed deaths did not materially alter the findings.
Subgroup analysis demonstrated that the increased risk of sudden death on Mondays was more pronounced in men (OR: 1.25; 95% CI: 1.06-1.48) than in women (OR: 1.14; 95% CI: 0.95-1.36) (Figure 1) , and in those younger than 65 (OR: 1.29; 95% CI: 0.95-1.74) compared to those aged 65 years or over (OR: 1.18; 95% CI: 1.03-1.35). Further, the Monday peak was more marked in non-hospitalised (OR: 1.25; 95% CI: 1.08-1.44) than in hospitalised patients (OR: 1.06; 95% CI: 0.83-1.37) (Figure 2 ).
Discussion
Our study of 1828 cases of sudden cardiac death showed a markedly increased risk of sudden cardiac death on Mondays. Subgroup analysis showed this relation to be more pronounced in non-hospitalised patients.
Even though the first study describing a weekly rhythm in the incidence of myocardial infarctions and sudden cardiac death dates back to 1980 [4] , most attention has since been given to the circadian (within a day) and seasonal variation in cardiovascular events. The recognition of these patterns has helped greatly in the development of the concept of 'triggering' of cardiovascular events [11] . Direct evidence in favour of a role for any particular trigger, like stress or physical activity is difficult to obtain prospectively, since the 'state of exposure' of an individual to possible triggering factors can change from minute to minute. An alternative method of elucidating the determinants of the rhythmic fluctuations in cardiovascular mortality is to identify subgroups of individuals within a population, in whom the pattern does not occur. A good example of this approach is the identification of platelet aggregation as a mechanism behind the circadian pattern in myocardial infarction in the Physicians Health Study [12] , by finding a clear circadian pattern in the placebo group, but not in the aspirin group. Similar evidence exists for an attenuation of the circadian pattern in patients using b-blockers [13] [14] [15] , and for a more pronounced circadian rhythm in the elderly [16] [17] [18] compared to younger people. Finding circadian variations in disease incidence seems logical given the daily variations in physiological parameters. However, since the week is an arbitrary division of time, the reason for an excess of coronary heart disease on Mondays is less straightforward. Also, most of the studies describe weekly patterns for cardiovascular disease, but not for other conditions like cancer, COPD related outcome or fractures. Seasonal variations however have been described for COPD related diseases and fractures. In the case of weekly variation in incidence of cardiovascular events, triggers are most likely external, in the absence of weekly biological rhythms. Mental stress of starting a new working week and a relative increase in activity has been suggested as determinants of the Monday peak [19] . Also, alcohol use in triggering arrhythmias have been indicated [20] . Our finding of an attenuation in the Monday peak in hospitalised patients is in accordance with this line of thought since hospitalisation generally results in lower activity levels, a reduced variability in activity from day to day and a diminished difference in activity between day and night. This finding is supported by results from a report by Evans et al. [21] , who found that the Monday peak was clearest in patient with no previous admission for coronary heart disease dying outside hospital, and absent in hospitalised patients.
The presence of different patterns of weekly variation in persons over and below 65 years of age is an area of conflicting views. Peters et al. [22] report that the subgroup of patients <65 years but with previous cardiovascular disease did not display statistically significant peaks, whereas the >65 year-old subgroup did. In contrast, results from a population based study showed that the Monday peak was more pronounced in patients under 65 than in those aged 65 or over [23] . Our study may be viewed in line with that report, although the confidence limits in our study between the age groups overlap considerably.
In summary, our study shows that there is a clear peak incidence of sudden cardiac death on Monday compared to the rest of the week.
